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In native ECM, interstitial matrix is presented as a three-dimensional structure formed by 6 nanofibers. To architecturally mimic that structure, electrospinning technique was used because 7 electrospun nanofiber matrices are characterized by ultrafine continuous fibers; high 8 surface-to-volume ratio; high porosity and variable pore-size distribution , all of which are 9 morphologically similar to the natural ECM [12] . As a simple but productive method, in recent years electrospinning technique has been widely used in biomedical fields for the production of 11 both nonwoven and regulated matrixes [13] [14] [15] [16] [17] [18] .
12
Electrospinning technique provides a simple way to obtain nanofibers from both synthetic 13 polymers and natural materials with the potential for tissue regeneration and repair.
14 Collagen-chitosan electrospun complex and their biocompatibility have been reported previously [8, 19] , however, so far the scaffolds have not been successfully applied in blood vessel and nerve 16 repair due to the mechanical limitation of natural materials. To overcome the problem, optimal 17 ratio of collagen/chitosan/TPU has been selected to obtain a compromise between biocompatibility 18 and mechanical strength in the present study. Glutaraldehyde vapor (GTA) crosslinking has been 19 conducted to prevent collagen and chitosan from being dissolved in the water. Endothelial cells and were collected on a flat collector plate wrapped with aluminum foil at a distance of 12-15cm.
22
Aligned nanofibers were formed on a rotating drum with a 6 cm diameter, rotation speed of 23 4000r/min and 12cm away from the tip of the syringe [ Fig.1 ]. To compare orientation degree, pure 24 TPU nanofibers were electrospun using the same parameters as above.
5
A c c e p t e d M a n u s c r i p t The crosslinking process was carried out by placing the collagen-chitosan-TPU nanofibrous 5 membrane in a sealed, dual-layered desiccator containing 10 ml of 25% glutaraldehyde aqueous 6 solution in a Petri dish. The membranes were fixed on a glass frame and were crosslinked in an 7 atmosphere of water and glutaraldehyde vapor at room temperature for 2 days. The Petri dish was 8 placed inside the bottom layer of the desiccator, whilst the nanofibrous membrane was fixed on a 9 glass frame in the upper layer, above the semi-permeable divider. After crosslinking, samples were 10 exposed in the vacuum oven at normal room temperature. The tensile strength test was performed on various electrospun collagen-chitosan-TPU specimens 6 (n=6 for each group) with random, parallel or perpendicular fiber alignment. All samples were of 7 same size (30 x 10mm), and the test was performed using a universal materials tester (H5 K-S,
8
Hounsfield, UK) with a 50 N load cell at ambient temperature of 20 and humidity of 65%. A 9 cross-head speed of 10 mm/min was used for all the specimens tested.
Electrospun nanofibrous scaffolds were cut into 30×30 mm squares for porometry measurement.
11
A CFP-1100-AI capillary flow porometer (PMI Porous Materials Int.) was used in this study to 12 measure pore size and pore distribution. Calwick with a surface tension of 21 dynes/cm (PMI 13 Porous Materials Int.) was used as the wetting agent for porometry measurements. For each group, 14 the test was repeated 3 times to gain a better accuracy. Fig.2A and Fig.2B ). The reason why aligned nanofibers has a comparatively lower average 18 diameter than that of randomly oriented nanofibers is probably because with such a high rotating 19 speed, fibers are stretched and thus attenuated as soon as they reached the rotating collector. When the scaffolds were amplified to magnification×10000, many superfine fibers (diameter ≤ 100nm) 21 can be observed from Fig.2C (pointed by the arrows) and the existence of these fibers could be 22 explained by the positive charges carried by chitosan, which makes the mixture solution a more 23 complicated system. These increased charges would increase solution conductivity and since the 24 force that causes the stretching of the solution could be ascribed to the repulsive forces between the charges on the electrospinning jet, the stretching process would be enhanced owning to the increase 26 of solution conductivity.
Viability and morphology studies of PIECs and SCs

27
To observe the surface morphologies of collagen-chitosan-TPU nanofibers, atomic-force 28 microscopy (AFM) was employed by using height mode (Fig.3) . It was reported that the surface of 29 electrospun collagen fibers was comparatively rougher than that of electrospun synthetic 8
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A c c e p t e d M a n u s c r i p t 1 polymers [26] , whereas from our AFM images, with a TPU proportion of 25% it could be clearly 2 observed that the surface of collagen-chitosan-TPU nanofibers was quite smooth and a groove on 3 the right side of the fiber could be found. This phenomenon might be attributed to the complexity of 4 mixture solution while the grooves were not found on all the fibers. From surface morphology 5 images we can see that TPU component could improve the spinnability of polymer solution while 6 the existence of grooves on some nanofibers would be conducive to cell adhesion and proliferation 7 by providing adhesion sites for cell growth. 
Fourier Transform Infrared Spectroscopy
5
In a complicated system containing three types of materials, the Fourier transform infrared 6 spectroscopy (FTIR) could be used as an effective method to define the existence of each 7 component. FTIR spectra of electrospun collagen-chitosan and collagen-TPU nanofibers were 8 studied in previous work [8, 26] . Fig.5 depicted the FTIR spectra of non-crosslinked (Fig.5a ) and 9 crosslinked (Fig.5b) collagen-chitosan-TPU fibers with a weight ratio of 60%:15%:25% (collagen: 10 chitosan: TPU). 11
As shown in Fig.5a , the characteristic absorption bands of collagen were observed at 12 1650cm -1 (amide I), 1530cm -1 (amide II), 1200cm -1 (amide III) respectively while the peak at 1130 13 cm -1 was assigned to chitosan for its saccharine structure. N-H and C-H stretches at 2940 cm -1 and 14 15 3300 cm -1 and other peaks overlapped with collagen between 1530 cm -1 to 1200 cm -1 were 16 characteristic of TPU. Compared to Fig.5a , Fig.5b showed no significant difference in the location 17 of these characteristic peaks, this is probably because the absorption peak of -C=N-stretching 18 vibration generated by GTA crosslinking could be in the range of 1640cm to 1690cm-1 and an 19 overlap might've occurred with the strong absorption of the amide I band.
11
A c c e p t e d M a n u s c r i p t 
Pore size 4
For tissue engineered scaffolds, microscale and nanoscale porous structure are most favorable 5 because the highly porous network of interconnected pores helps to facilitate the passage of 6 nutrients and the exchange of gases, which are crucial for cellular growth and tissue regeneration 7
[13]. Pore size and pore distribution analyses were conducted by automated capillary flow 8 porometer system software and the results were shown in Tab.1. It could be seen that when 9 scaffolds were similar in thickness, the mean, largest and smallest pore diameter of randomly 10 oriented collagen-chitosan-TPU nanofibrous scaffold were all larger than the corresponding 11 measurements of aligned. This implies that parallel alignment can decrease pore size and lead a 12 more evenly pore size distribution. What's more, we can conclude that after GTA vapor 13 14 crosslinking, nanofibrous scaffolds become more compact because specimen thickness and pore 15 size of both random and aligned scaffolds decreased dramatically. 
9
The typical tensile stress-strain curves of random oriented and aligned collagen-chitosan-TPU 10 nanofibrous scaffolds (non-crosslinked, crosslinked) were shown in Fig.6 while the average 11 elongation at break and average tensile strength of each specimen were summarized in Tab.2.
12
Comparing Fig.6A , B, C with Fig.6A ', B', C', it can be seen that GTA vapor crosslinking had a 13 positive influence on tensile strength but a negative influence on average elongation at break. After 14 crosslinking both randomly oriented and aligned scaffolds were tended to be more stiff and brittle.
15
To improve elasticity of scaffold, TPU was added to natural fibers, such as collagen and chitosan.
16 TPU proportion of 10%, 20%, 25% and 30%. were investigated to determine the optimal 17 component ratio. According to our observation, blended fibrous scaffolds with TPU proportion 18 lower than 20% would be easily broken when squeezed or stretched, making them too fragile for 19 tubular applications. Therefore, TPU proportion should not be set below 25% otherwise the A c c e p t e d M a n u s c r i p t 1 elongation at break of crosslinked scaffolds could not exceed 10% and the scaffolds were too 2 fragile to meet the flexibility requirements of tubular grafts.
3
The tensile strength of the aligned nanofiberous scaffolds showed significant differences between 4 parallel (14.93±0.59 MPa) and perpendicular (5.04±0.95MPa) directions. Moreover, comparison of elongation at break between scaffolds of parallel and perpendicular alignment showed an even 6 sharper difference (58.92±15.46% as opposed to 8.20±0.84%).
7
As described before, GTA corsslinking had a negative affect on elongation at break, whereas at 8 parallel direction crosslinked scaffolds boasted better elasticity than non-crosslinked ones. While 9 aligned samples (crosslinked) were stretched along the direction of fiber orientation, there exists a unique fracture behavior. Fig.7 shows that both random and aligned samples started to rupture with 11 a small crack when tensile strength reached peak value, however, instead of extending to 12 neighbouring fibers, the cracks on parallel samples preferred to move along the direction of fiber 13 orientation and a small part of the sample was torn before the breakage of the entire sample. Thus, 14 the sample had a higher percentage reading for elongation at break, and could be stretched further.
This fracture behavior could also be reflected from Fig. 6B ', where a yielding point was formed on 16 every stress-strain curve. The underlying mechanism was that unlike conventional fractures, when 17 aligned fibers were stretched along parallel direction and formed a small crack, 'slippage' occurred 18 amongst fibers; the paralleled fibers tended to slit along fiber orientation direction, and fractures 19 were reduced as a result. Similar phenomenon did not occur on non-crosslinked samples, indicating that prior to GTA vapor crosslinking, scaffolds were quite sticky with a much larger sliding friction 21 force between neighboring fibers. Therefore, the crosslinked collagen-chitosan-TPU aligned 22 nanofibrous scaffolds, which possessed good mechanical properties at parallel direction, were more 23 suitable for the fabrication of tissue-engineered nerve conduits. affected by fiber orientation and pore size. As for SCs, random nanofibers showed a cell 13 proliferation of approximately 25% higher than that of aligned fibers from day 3 to day 7. It is 14 possible that compared with SCs, PIECs grow faster regardless of the substrate morphology, and 15 SCs seem to be more sensitive to the environment, which is to say that if surface morphology of the 16 growing media is altered, SCs viability can be easily influenced with a preference to random 17 fibrous scaffolds. In nerve repair, this shortage might be solved by allowing for longer culturing 18 duration for SCs.
16
A c c e p t e d M a n u s c r i p t 1 Cell morphology and its relation with randomly oriented and aligned electrospun scaffolds were 2 studied in vitro for 3 days. The resulting SEM images were listed in Fig.9 and H&E staining micrographs were listed in Fig.10 as complements. PIECs showed normal cell morphology on 3 random fibers (Fig.9A, 10A ) whereas on aligned fibers, they seemed to show a slightly oriented 4 arrangement. We can see from Fig.9A ' that single PIEC was still able to retain its typical cell 5 morphology while the orientation degree was comparatively lower. Compared to PIECs, SCs are 6 more responsive to the seeding matrix. As can be seen from Fig.9C and D, cells on random oriented 7 nanofibrous scaffolds were mostly round whereas they exhibited spindle-shaped morphology on 8 aligned fibers. Similar phenomenon could also be found on the H&E staining images (Fig.10 B and  9 B'). Unfortunately, although cell morphology could be directly identified on the H&E staining 10 pictures, fiber profiles are not clear. This is because once stained, colors on the protein collagen are 11 very difficult to be thoroughly washed away. However, it is clear from the SEM pictures that fibers 12 morphology and diameter were not obviously influenced by GTA crosslinking, indicating that a 13 GTA crosslinking period of 48h could ensure the electrospun fibers to maintain their original 14 morphologies in culture medium. 15 
Preparation of tubular scaffolds
5
The aim of this study is to design a novel kind of scaffolds for blood vessel and nerve repairs, so 6 it is necessary to find a balance between biocompatibility and mechanical strength. As is described 7 above, collagen and chitosan were electrospun to mimic the protein-polysaccharide based structure 8 of native ECM while the addition of TPU could support the scaffolds with enough flexibility. 9
Randomly oriented nanofibrous vascular grafts were obtained by directly electrospinning the 10 fibers on a 3mm diameter steel cudgel with a low rotating speed (250-500 r/min). To make nerve 11 conduits with aligned fibers, the membranes were cut into strips with fixed-size and then sutured 12 into tubular shapes with a diameter of 1 mm. All the relevant pictures were shown in Fig.11 . From 13 the bottom picture of Fig.11 we can see that the tubular grafts made of collagen-chitosan-TPU 14 15 nanofibers have good flexibility, which guaranteed the application of these grafts in vascular repair 16 and nerve regeneration. However, as one major purpose of electrospinning is to create seamless
